Results are given for the radio continuum properties of an optically complete sample of 294 bright galaxies, 147 of which have been detected. Data were obtained with the 408 MHz Molonglo Radio Telescope. The radio luminosity functions for all galaxies and for spiral galaxies alone are derived and the radio emission for different galaxy types is investigated. Spectral indices of 73 galaxies which had been detected at other frequencies were derived; the mean index of a reliable subsample is <ex) = -0,71.
Introduction
There have been many extensive surveys of continuum radio emission from bright galaxies. The earliest comprehensive survey of high sensitivity was that of Cameron (1971a Cameron ( , 1971b using the Molonglo Cross Radio Telescope at 408 MHz. Cameron observed two optically complete samples south of b = + 18° and defined the radio luminosity function with reasonable statistics at radio powers of ~ 10 22 W HZ-I. In the past decade the optical properties of galaxies have been revised so that the selection of an optically complete sample is more reliable. In addition, between 1970 and 1978 the sensitivity of the 408 MHz Molonglo Cross was improved by more than a magnitude, permitting more detections and more accurate measurements of weak' radio emission. Before observations at 408 MHz with the Molonglo Cross ceased in 1978, a new survey was made to improve Cameron's results and provide the best possible data base for subsequent investigations at different frequencies. Well-observed sources in Cameron's catalogue were not re-observed, although they are included in the tabulated results. Altogether, 294 galaxies are listed, of which 147 have been detected; however, 28 of these detections are shown to be uncertain because of low signal-to-noise ratios, confusion or discordant positions.
A description of the new survey and tabulation of directly measured properties. appears in Section 2. Section 3 re-evaluates the radio luminosity function and discusses the relationship between galaxy types and their optical and radio properties. Section 4 derives spectral indices of 73 galaxies from the present data and previously published surveys at other frequencies.
Observations (a) Sample Selection
The selection criteria were identical with those of Cameron (1971a) . Two groups of galaxies were chosen: those brighter than total corrected optical magnitude I I ·0 and south of b = + 18°; and those with photographic magnitudes less than 12·5 in the regions b = -35° to -60°, I = 100° to 220° and b = +35° to +60°, b ::::; + 18°.
Eight galaxies were excluded from the original sample and a further 33 not selected by Cameron were added. These changes resulted from considerable revisions of optical magnitudes (de Vaucouleurs et al. 1976; de Vaucouleurs 1977; de Vaucouleurs and Corwin 1977; de Vaucouleurs et al. 1977; de Vaucouleurs and Bollinger 1977a, I 977b, 1977c; de Vaucouleurs and Head 1978; de Vaucouleurs et al. 1981; and de Vaucouleurs, personal communication 1978) .
The new survey includes:
(1) from Cameron's list I, all detected galaxies with measured flux densities less than 500 mJ y (I J y == 10 -26 W m -2 Hz -1) and all undetected galaxies except NGC4293; (2) from Cameron's list 2, all detected galaxies with measured flux densities less than 500/n t mJy (where n is the number of transits observed), NGC 660 and all undetected galaxies; (3) the 33 galaxies not previously observed.
Of 239 galaxies observed in this program, 92 were detected, 28 of these with some qualifications.
(b) Calibration
The survey was conducted in February, May and August 1978 using the Molonglo Radio Telescope at 408 MHz with a bandwidth of 2· 5 MHz. The effective beamwidths were 2· 86 arcmin in right ascension and 2·86 sec z arcmin in declination where z is the zenith angle.
Optical positions were taken initially from the 'Second Reference Catalogue of Bright Galaxies' (RC2) (de Vaucouleurs et al. 1976) . However, where large discrepancies between optical and fitted radio positions occurred, new positional determinations were made using Palomar Sky Survey plates (PSS) and European Southern Observatory blue plates (ESOB). An x-y measuring machine was used to obtain positional accuracies ranging from 1 arcsec for compact images (Hunstead 1971 (Hunstead , 1974 to about 30 arcsec for the most extended galaxies.
The pointing of the telescope and the flux density scales were calibrated by observing point sources with accurately known positions and flux densities. These were taken from Hunstead (1972) . Known variable sources (McAdam 1978) were not used for the flux density calibrations. All flux densities are based on the absolute scale of Wyllie (l969a, 1969b) .
There are many factors influencing the accuracy of these calibrations and individual observations. To provide useful estimates of positional and flux density errors, general terms which represent telescope pointing uncertainties, random noise and confusion have been adopted.
For point sources, the standard errors in observed positions are of the form
where S is the flux density in mJy and n is the number of transits observed. Empirical estimates of the constants a and b are tabulated below. Positions of extended sources (diameter ~ 3 arcmin) are less certain. A contour map of each transit of a galaxy was produced and mid points of the contours were used to derive a position with standard deviations of X in right ascension and X sec z in declination, where z is the zenith angle and X varies from ~ 6 arcsec for symmetric sources to ~ 10 arc sec for complex asymmetric sources. These errors were combined with the errors derived from equation (1). Flux density uncertainties for unresolved sources are expressed as (2) where nand S have the same meanings as before. For extended sources, fitting of the beam shape was inappropriate and integrated flux densities were computed. A further uncertainty of 5 % was then included because of difficulties in estimating the flux density between the zero and first contour levels. The constants used for equations (1) and (2) A detected radio source was regarded as being identified with a galaxy if the positional discrepancy was less than 1 arc min or 2 kpc in projected distance, whichever was the larger. It is unlikely that any chance coincidences are included with these criteria; however, some real associations may have been rejected. These would be included among the 'confusing sources' in the Notes to Table 1 (see p. 342).
The results of the 1978 survey are shown in Table I , together with results for those galaxies detected by Cameron (1971a, 1971b) in 1968-69 and not re-observed; these are indicated by an asterisk next to the flux density measurement. The columns are: .., .... .... Other galaxies
NGC300:
A nearby galaxy with diameter NGC1399: There is a nearby strong source 19·5 arcmin. There is a 730 mJy which is probably unassociated source at 005141'9, -380248 with NGC 1399, at 033651· 7, (Large et al. 1981) .
- (1971a) . A colon indicates an uncertain association and an upper limit shows that the galaxy was not detected. line 2: The radio luminosity P in W Hz-1 x lOIs. Column 8, line I: The radio magnitude m 40 s (RMAG) defined by m408 = -53·45 -2· 510g S408 and standard error. line 2: The absolute radio magnitude RMABS. Column 9, line I: The radio index R 40S = m 40S -B~ (R408 = RMAG -MAG).
line 2: The radio spectral index and standard error as explained in Section 4. Column 10, line 1: Notes: The code letters are as follows: C, a confusing source was detected in the neighbourhood (details are given in Notes to Table 1 , p. 342; N, see Notes to Table I ; P, sources which are unresolved (~3 arcmin diameter); S, sidelobe interference hindered measurements of flux density and position.
Analysis of Data and Results

(a) Radio luminosity function
Complete samples of galaxies are necessary for the derivation of the radio luminosity function. The Vol V m method was used to test completeness (Hummel 1981 , and references therein); the mean value of Vol V m should be O· 5 and each value between 0 and 1 should have equal probability of occurring. For the group of galaxies in Cameron's list 1, we have <VO/Vm> = 0·49±0·02, when the limiting magnitude is B~ = 1l·0. -12 -14 -16 -18 -20 -22 -24 -26 Absolute radio magnitude 1977) . Also, the RC2, which together with further work (de Vaucouleurs, personal communication 1978) , was used to update the sample, becomes appreciably incomplete at B~ = 12· O. Using the derived limiting magnitudes, we excluded eight galaxies: one from list 1 (B~ > 11· 0) and seven from list 2 (B~ = 12· 0).
The distribution of absolute radio magnitudes at 408 MHz is presented in Fig. 1 . The most luminous sources are the radio galaxies measured by Cameron, whereas NGC 247 (Sd), NGC 5253 (10) and NGC 7793 (Sdm) detected in 1978 are the faintest. The radio power of Cameron's weakest source NGC5885 was 1·4x 10 2°W Hz-1 • The lower limit has now been reduced to 5'Ox 10 19 WHz-I (NGC247), with the majority of galaxies grouped around 10 22 W Hz-I. Radio luminosity P (WHz-1 ) Fig. 2 . Radio luminosity function pep) for all detected galaxies in unit magnitude steps. The standard piecewise linear fit is from Robertson (1978) .
Many authors such as Colla et al. (1975) , Auriemma et al. (1977) , Feretti and Giovannini (1980) and Hummel (1981) have used the bivariate form of the radio luminosity function. Because of the correlation between radio and optical magnitudes (cf. Fig. 4 ) and the poor statistics of presently available radio luminosity functions, there is little additional information contained in the bivariate form. Therefore Fig. 2 presents the radio luminosity function for all detected galaxies in unit magnitude steps, calculated essentially as described by Cameron (197Ib) . These calculations take into account the different limiting magnitudes of the two groups of galaxies. The standard piecewise form of the radio luminosity function was calculated by Robertson (1978) using the derivation of Fomalont et al. (1974) and data from von Hoerner (1973) . As a result of the improved data, the errors and scatter are less than in Cameron's original curve, but the agreement is close. Fanti et al. (1973) investigated the radio luminosity function for a complete sample of northern spiral galaxies with the 408 MHz Bologna Radio Telescope. Fig. 3 presents their results adjusted by a factor of 1·10 (Fanti et al. 1981) to the Wyllie (l969a, 1969b) scale, along with the Molonglo data; again the agreement is good.
Radio luminosity P (WHz-1 ) Fig. 3 . Radio luminosity function pep) for spiral galaxies plotted for data from this paper (dots) and from the Bologna group of Fanti et al. (1973) (crosses).
Error bars were calculated on the basis of the number of galaxies observed, assuming Poisson statistics. For a large number n of detected galaxies, the error is ±nt, whereas for n < 4 the Poisson tables are used to obtain I (J' values. The same method was used to estimate errors for the Bologna data. For bins containing small numbers of galaxies, the interval size is extended to two magnitudes.
(b) Correlation between radio and optical properties
Radio index and galaxy types. Previous surveys (Cameron I 97Ia; Hummel 1981 ) have compared radio observations of galaxies with their optical properties and different classification schemes, for example, Hubble and DDO types. In these surveys, as in the present one, no more than half the galaxies were detected, making direct intercomparisons between galaxy types impossible. This means that indirect statistical methods are necessary. Whereas Hummel (1981) used fractional luminosity functions for his analysis, the present paper uses a calculated detection probability for each galaxy based on its optical magnitude, following the method of Cameron (197Ia) . The sum of the detection probabilities may then be compared with the number of detections for different classification schemes.
The method relies on the assumption of a model for the relationship between radio and optical luminosity. The exact form of the model is not critical for relative comparisons; in this case it is based on the detected spiral galaxies because they form the most complete and best defined group. Their mean radio emission is stronger than the mean of the whole sample, and therefore the calculated number of 'expected' detections in general exceeds the actual number of detections. 
Optical magnitude B~ Fig. 4 . Radio magnitude m408 plotted against optical magnitude B~ for all detected spiral galaxies from Sa to Sm.
Least squares analysis of the radio and optical magnitudes of 96 detected spiral galaxies verified a linear relationship with the regression equation
The correlation coefficient is 0·7 and there is a vertical r.m.s. scatter of 1 m • O. The results are also presented graphically in Fig. 4 . The departure of the slope from the expected value of I ·0 is probably the result of selection effects caused by the sensitivity limit of the telescope.
The galaxies were grouped according to the revised Hubble/de Vaucouleurs type, the 000 (van den Bergh) classification, the Byurakan nuclear type and the Yerkes (Morgan) type. Only the Hubble/de Vaucouleurs classification scheme is complete for the sample and gives meaningful results. Table 2 compares the number of galaxies detected with those 'expected'. Equation (3) has been used to define the model and a gaussian distribution for the scatter in m 408 is assumed. Fig. 5 shows a plot of radio index R 408 for detected galaxies against galaxy type. These results together establish that the radio emission of intermediate type spirals is well described by equation (3). In contrast, eIIipticals and lenticulars combine a low average detectability with a high dispersion in radio index. Apparently their radio emission is normally low unless they display the activity of 'radio galaxies'. The SO galaxies are the least detectable; they share the normal low emission of eIIipticals, but in the present sample there are no examples of radio galaxies. A Ratio A is the number of well-detected galaxies, excluding uncertainties, divided by the expected number of detections. 8 Ratio B is the number of detections, including uncertainties, divided by the expected number of detections_ Distribution of radio index. The distribution of radio index for all galaxies, detected, uncertain and undetected, is shown in Fig. 6 . For this complete sample the mean radio index is greater than 2 m • 8. The active radio galaxies are responsible for the low index tail to the distribution; if these are excluded, the mean radio index is greater than 3 m • O. If undetected galaxies are also excluded, the mean radio index of the 'normal' detected galaxies is 2 m . 4 with an r.m.s. scatter of 1 m. I. This lower value is a result of observational selection because of the radio detection limit.
Spectral Indices
The spectral indices and standard errors of 73 detected galaxies are listed in Table I . In conjunction with the 408 MHz data, the surveys of Pfleiderer (1977) , Dressel and Condon (1978), Pfleiderer et al. (1980) , Hummel (1980) and the Parkes and MSH Catalogues summarized in Bolton et al. (1979) were used to obtain data for the following frequencies: 80,85, 1400, 1415,2380,2700 and 5000 MHz. Data were initially fitted to a power law S = KV a , where S is the radio flux density and v the frequency. The regression coefficient was less than 0·8 for eight cases, so these were rejected. In most cases it was not clear whether the poor fit was caused by confusion and resolution errors or real departure of the spectrum from a power law.
For further analysis a subsample of 50 galaxies was selected, the criteria being that errors in flux density measurements were available and the standard error in the spectral index was :( 0·2. Fig. 7 indicates the distribution of spectral indices for the subsample and the other galaxies. The distribution is compact, and for the subsample 
